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In the present study, the green synthesis and optimization of gold nanoparticles (GNPs) 
using C. asiatica phenolic extract (CAP) were reported followed by the 
characterization with UV-vis, FTIR, Zeta potential, FESEM, EDX and XRD analyses. 
Total phenolic and flavonoid contents (TPC and TFC), antioxidant and 
anticholinesterase (anti-ChE) activities were also tested in vitro and Pearson 
correlation analysis was performed. The GNP synthesis using CAP was successfully 
accomplished under optimum conditions of reactants ratio of 1:1, 8 % CAP 
concentration, 0.5 mM HAuCl4 concentration and pH 9 at different temperatures of 
reaction medium (25 ℃, 40 ℃, 55 ℃ and 70 ℃). The results showed that the size range 
of GNPs was reduced from 6-40 nm at 25 ℃ to 6-30 nm at 40 ℃ and 55 ℃ while the 
sphericity of GNPs increased and the surface plasmon resonance (SPR) band became 
narrow. Although all GNP samples showed good antioxidant and anti-ChE activities 
(% I), the highest activity was recorded for the GNPs synthesized at 55 ℃, that is, 69.06 
% and 76.72 % for ABTS and DPPH, and 71.71 % and 69.88 % for AChE and BChE, 
respectively, at the highest concentration of 500 µL sample. However, the maximum 
% I for ABTS and DPPH scavenging (79.76±1.01 and 75.51±1.54, respectively) was 
shown by ascorbic acid, and for AChE and BChE inhibition (75.18±2.29 and 
79.94±1.11, respectively) by galanthamine. Pearson correlation analyses revealed a 
strong positive correlation between antioxidant activity and phenolic content as well 
as between anti-ChE and antioxidant activities for all GNP samples. The GNPs did not 
possess a significant cytotoxicity as shown by 20% mortality in brine shrimp lethality 
assay. The GNPs were haemocompatible as they induced 0.92 % haemolysis at the 
highest concentration (500 µL) in haemolysis assay compared to 99 % haemolysis by 
positive control. In conclusion, the results of this study show that CAP-GNPs possess 
good antioxidant and anticholinesterase activities, in addition to being non-cytotoxic 
and non-haemolytic, may be an option to further explore their therapeutic potential as 









Dalam kajian ini, sintesis hijau dan pengoptimuman nanopartikel emas (GNP) 
menggunakan ekstrak fenolik C. asiatica (CAP) diikuti dengan pencirian melalui 
analisis UV-vis, FTIR, potensi Zeta, FESEM, EDX dan analisis XRD telah dijalankan. 
Jumlah kandungan fenol dan flavonoid (TPC dan TFC), aktiviti antioksidan dan 
antikolinesterase (anti-ChE) juga diuji dalam analisis in-vitro dan kolerasi Pearson 
turut dilakukan. Sintesis GNP menggunakan CAP berjaya dicapai di bawah keadaan 
tindak balas optimum pada nisbah 1:1, 8 % kepekatan CAP, kepekatan HAuCl4 0.5 
mM dan pH 9 pada suhu yang berbeza (25 ℃, 40 ℃, 55 ℃ dan 70 ℃) dalam tindak 
balas sederhana. Keputusan menunjukkan bahawa julat saiz GNP berkurang dari 6-40 
nm pada 25 ℃ kepada 6-30 nm pada 40 ℃ dan 55 ℃, sferisiti GNPs pula meningkat 
dan jalur permukaan resonans plasmon menjadi sempit. Walaupun semua sampel GNP 
menunjukkan aktiviti antioksida dan anti-ChE yang baik (% I), aktiviti tertinggi 
dicatatkan untuk GNP yang disintesis pada suhu 55 ℃, untuk ABTS dan DPPH 
masing-masing mencatat 69.06 % dan 76.72 %, manakala untuk AChE dan BChE 
mencatat 71.71 % dan 69.88 %. Walau bagaimanapun, % I maksimum untuk ABTS 
dan DPPH (79.76±1.01 dan 75.51±1.54) masing-masing ditunjukkan oleh asid 
askorbik, dan untuk perencatan AChE dan BChE (75.18±2.29 dan 79.94±1.11) oleh 
galanthamine. Analisis korelasi Pearson menunjukkan korelasi positif yang kuat antara 
aktiviti antioksidan dan kandungan fenolik serta aktiviti anti-ChE dan antioksidan 
untuk semua sampel GNP. GNP tidak mempunyai sitotoksisiti yang ketara di mana 
keputusan hayat mortaliti kurang menunjukkan 20 % dalam ujian kematian udang 
garam. Bagi ujian hemolisis, GNP didapati sesuai di dalam darah kerana nilai 
hemolisis adalah 0.92 % pada kepekatan 500 µL berbanding dengan nilai hemolisis 
setinggi 99 % bagi kawalan positif. Kesimpulannya, hasil kajian ini menunjukkan 
bahawa CAP-GNP mempunyai aktiviti antioksidan dan antikolinesterase yang baik, 
tambahan pula ia bukan sitotoksik dan bukan haemolitik, serta mempunyai potensi 
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CHAPTER 1  
INTRODUCTION 
1.1 Background of study 
In recent years, considerable efforts have been put into the use and application 
of nanotechnology for achieving the goal of effective drug delivery into the brain for 
neurological disorders (Saeedi et al., 2019). In this context, the nanoparticles (NPs) 
have been described as an effective carrier for drug delivery to the target tissue and 
they have emerged as valuable tools in imaging, diagnosis and drug delivery (Rizvi & 
Saleh, 2018; Saraiva et al., 2016). 
Gold NPs (GNPs)-mediated therapeutic drug development is a promising area 
of research. Although GNPs were proved as the inhibitors of amyloid beta (Aβ) 
aggregation, the lack of specificity is an issue. However, there is convincing evidence 
on the use of GNPs to overcome the shortcoming posed by the blood-brain barrier 
(BBB) (Fonseca-Santos et al., 2015; Karthivashan et al., 2018). The degradation of 
Aβ fibrils and plaques has been reported as a treatment approach for Alzheimer’s 
disease (AD). 
The largest group of secondary metabolites in plants is constituted by the 
phenolic compounds including the simple ones with only one aromatic ring such as 
catechol and gallic acid, and the complex polymers like lignins and tannins (Altemimi 
et al., 2017). The phenolic compounds play a defensive role in the prevention of 
infections along with ameliorating the oxidative stress in case of injury (Setkovis et 
al., 2007). Various researches have indicated that phenolic compounds possess 
significant antioxidant activity (Cory et al., 2018). It is reported that the phenolic 
compounds scavenge the free radicals by virtue of their hydroxyl groups or conjugated 








Polyphenols found in medicinal plants are reported as a diverse group of 
bioactive compounds with significant antioxidant activities. It was inferred that the 
flavonoids constitute the main phenolic compounds that confer the antioxidant 
properties to plant extracts (Tungmunnithum et al., 2018). Many phenolic compounds 
including a variety of flavonoids have also been reported for their neuroprotective 
activity. For instance, various phenolic compounds have been reported to have 
anxiolytic and sedative effects in animal model studies by direct binding to adrenergic 
γ-amminobutyric acid (GABAA) receptors, in a similar pattern as found with a tri-
substituted benzoflavone moiety from Passiflora incarnata (Aman et al., 2016; 
Dhawan et al., 2004) and 6-hydroxyflavone (Ren et al., 2010). The inhibition of 
acetylcholinesterase (AChE) is considered as an effective therapeutic strategy for 
different types of dementia including AD. A variety of plant species around the globe 
have been screened and reported for anti-ChE activity (Mathew & Subramanian, 
2014). 
Alzheimer’s disease is the most common worldwide dementia disorder of old 
age that is still incurable even after more than a hundred years of its discovery 
(Franceschi et al., 2018). The pathogenesis of AD has been linked with various factors 
such as Aβ, neurofibrillary tangles and synaptic loss in the brain especially in response 
to the decreased levels of neurotransmitters, acetylcholine (ACh) and butyrylcholine 
(BCh), and the degeneration of cholinergic neurons in the cortex and hippocampus of 
the brain (Sanabria-Castro et al., 2017; Şenol et al., 2010). The AChE and 
butyrylcholinesterase (BChE) are responsible for the release of ACh and BCh, 
respectively, at the nerve endings in the cholinergic neurons. The termination of a 
nerve impulse at the cholinergic synapses is carried out by the rapid hydrolysis of ACh 
and BCh by AChE and BChE, respectively. As the AD patients are deficient in ACh 
and BCh, it is imperative to raise the levels of ACh and BCh (Orhan, 2012; Reale et 
al., 2018). 
Moreover, age-related increase in oxidative stress has been strongly linked to 
the onset of AD. Several studies performed on AD patients reported an increasingly 
rapid rate of oxidative stress in the affected brains (Mecocci et al., 2018) which led to 
the current interest in oxidative stress hypothesis to decipher the molecular basis of 
AD (Christen, 2000; Wojsiat et al., 2018). Oxidative stress is a condition in which 








antioxidant defence system. Also, the accumulation of oxidized and damaged 
macromolecules due to their inefficient removal and renewal lead to oxidative stress. 
Although, different sources of ROS have been suggested, the active redox metals such 
as Fe2+ and Cu2+, and Aβ protein ranked among the top two most common sources 
(Cheignon et al., 2018; Di Meo et al., 2016; Smith et al., 2010). 
The accumulation of Aβ protein in the brain leads to the generation of hydrogen 
peroxide (H2O2) depending on the presence of O2 whereby the regulation of overall 
catalytic reaction is done by Fe2+ and Cu2+ (Cheignon et al., 2018). A deficiency or 
functional loss of antioxidant enzymes like superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and catalase (CAT), as well as the non-enzymatic antioxidant 
factors, as reflected by a decrease in their specific activity, has been linked with AD 
(Tramutola et al., 2017). As a consequence of the oxidative stress, the damages occur 
to the cellular functions and viability in response to the ROS led damages to the cellular 
membranes including the intracellular content (Padurariu et al., 2013). On the basis of 
this hypothesis, there is an overwhelming interest in the study of antioxidants such as 
flavonoids for the treatment of AD (Bulboaca et al., 2017). 
The effective treatment to delay the onset or stop the progression of AD is still 
lacking due to the challenges posed by the unknown aetiology of the onset of AD and 
a significant hindrance to brain drug delivery by the BBB. Currently available anti-
AD medicines either do not stop the progressive AD pathology or are incapable of 
reversing the phases of disease to restore the brain function to normal (Hane et al., 
2017; Khoury et al., 2017). Although the pathogenesis of AD has been explained by 
many hypotheses including Aβ hypothesis, cholinergic hypothesis, metal hypothesis, 
oxidative stress hypothesis, tau hypothesis, etc. (Cubinkova et al., 2018), it cannot be 
comprehensively explained by a single hypothesis. Therefore, the current treatment 
regimen for AD is only focused on symptomatic amelioration. So, it is imperative to 
focus on new drug discovery with efficient drug delivery and effective release into the 
brain for the successful treatment of AD. As for the drug discovery, phytochemical 
screening and characterization of plants traditionally used for the treatment of AD 
appear to be promising which have explored many phytochemicals as therapeutic 
agents for AD (Atanasov et al., 2015; D'Onofrio et al., 2017). In this connection, 
nanotechnology offers two-fold benefits related to the therapeutic potential of drugs, 
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